Abstract Polar bears (Ursus maritimus) are heavily dependent on marine prey, in particular ice-associated seals, which they hunt on landfast sea ice or free-floating pack ice. Dramatic current (and predicted) losses of sea ice habitat make it increasingly important to gain more knowledge of the relative use by bears of all types of prey from the marine food web as well as from terrestrial sources. This study uses frequency of occurrence of food items in 119 polar bear scats sampled on the sea ice as well as on shore in coastal areas in the Svalbard Archipelago, mainly in spring, between 2003 and 2010 to explore the diet of bears in the region. Ringed seals (Pusa hispida) occurred in 62.2 % (CI 52.8-70.9 %) of the scat samples examined. Various terrestrial plants (32.8 %, CI 24.4-42.0 %) and marine algae (21.8 %, CI 14.8-30.4 %) also occurred frequently in the scats; the significance of this high occurrence of plants and algae is not clear. Bearded seals (Erignathus barbatus) and various bird species constituted only minor components of the diet, while Svalbard reindeer (Rangifer tarandus platyrhynchus) occurred in 9.2 % (CI 4.7-15.9 %) of the scats, indicating that this species may play a more important role than previously reported. The novel combination of genetic analyses of material in the fecal samples along with detailed exploration of the physical-structural properties of prey hairs and plant parts provided a much fuller picture of the diet of polar bears than would have been possible from observational studies of polar bear predation behavior alone. This approach may provide an important tool for monitoring the responses of polar bears to ongoing ecosystem changes that will result from continued warming in the Arctic.
Introduction
Climate change is proceeding more rapidly in the Arctic than elsewhere and is already influencing the structure of Arctic marine communities (e.g., Kovacs et al. 2011; Vincent et al. 2011) . The polar bear is an apex predator in the Arctic marine community (Amstrup 2003) .
Polar bears have a circumpolar distribution with 19 somewhat discrete subpopulations (Obbard et al. 2010) . They primarily forage on ice-associated seals throughout the Arctic (Amstrup 2003) . This has been shown utilizing a variety of methods, including field observations (Derocher et al. 2002) , investigation of gastrointestinal contents (Lønø 1970) , biochemical analysis of fatty acids and stable isotopes (Thiemann et al. 2008) , and scat analyses (Russell 1975) . Ringed seal appear to be the main prey of the polar bear throughout the Arctic, but other seal species are also hunted where they are available. Polar bears are opportunistic hunters and will also hunt and feed on small toothed Electronic supplementary material The online version of this article (doi:10.1007/s00300-012-1284-2) contains supplementary material, which is available to authorized users.
whales, various bird species, reindeer, and available carrion (Amstrup 2003) . Polar bears have recently also been observed catching freshwater fish (Dyck and Romberg 2007) . The extensive list of different prey species that have been documented in polar bear diets can be found in Derocher (2012) . Cannibalism has also been observed among polar bears (Taylor et al. 1985; Derocher and Wiig 1999; Amstrup et al. 2006) . But, except for infanticide performed by males, feeding on conspecifics has been assumed to be associated with high levels of nutritional stress (Taylor et al. 1985; Derocher and Wiig 1999; Amstrup et al. 2006) . Polar bears have also been documented to feed on marine and terrestrial plants, but the nutritional contribution of vegetation has been thought to be minor and remains unquantified (Russell 1975; Ramsay and Hobson 1991) . One exception might be energy-rich berries that are consumed by polar bears in some areas in Canada during the summer, when the bears have no access to marine prey (Derocher et al. 1993; Dyck and Kebreab 2009) , although a study by Hobson et al. (2009) indicated that the energy content of berries likely made them pretty insignificant to the overall energetic needs of polar bears.
Polar bears in Svalbard belong to the Barents Sea subpopulation, which was estimated to include 2,644 animals (95 % CI 1,899-3,592) in 2004 ). In this area, the bears display at least two distinct space use patterns. Some are highly migratory, mainly utilizing the offshore sea ice east or northeast of Svalbard, while others stay close to the islands within the Svalbard Archipelago throughout the year (Mauritzen et al. 2001) . Models for the next decades predict both a dramatic loss of polar bear habitat (Durner et al. 2009 ) and polar bear numbers, if green house gas emissions are not reduced (Amstrup et al. 2010) . Because sea ice declines in the Barents Sea are among the most severe in the Arctic (Meier et al. 2007) , Svalbard area polar bears may be among the first to show changes in movement patterns, distribution and food habits, as the availability of their traditional sea ice habitat continues to decline.
Three previous polar bear diet studies are available for the Svalbard region: (1) Lønø (1970) investigated the gastrointestinal content of polar bears shot throughout the year by hunters; (2) Derocher et al. (2000) reported observations of reindeer kills over several years; and (3) Derocher et al. (2002) investigated polar bear kills in Svalbard and the western Barents Sea from late spring through until early fall. These latter two studies were purely observational and focused on a limited range of possible prey/food items, while the Lønø (1970) study is quite dated.
Other possible options for studying diets of marine mammals include stable isotope analysis, which is crude, but would separate contributions from the marine food web as opposed to the terrestrial system, or fatty acid analyses, which can be useful for determining the importance of different prey species between regions or sex groups, but this method requires a prey reference library specific to the region and time interval of study. In the current study, scat analyses have been pursued because (1) this method allows for a semi-quantitative (frequency of occurrence) assessment of diet including plant matter, (2) it is inexpensive to collect bear scats during on-going field work, and (3) it is non-invasive for the bears. It is also our hope that this work may show the potential this method has for comparative studies through time and over a broad geographic range.
Materials and methods
The study area and collection of scat samples Polar bear scats (n = 119) were collected opportunistically from Svalbard during the period 2003-2010 (Fig. 1) . Most of the scats were collected during spring (n = 104, late March until late April), while 11 scats were collected in summer/early fall (early June until mid-September). The latter sample will hereafter be referred to as summer data. Date of collection for four scats is unknown, and 11 were from unknown locations. Most scats were collected during the Norwegian Polar Institute's polar bear research programme. Some of the samples (n = 16) were collected during a mark-recapture study on polar bears, and in these cases, the identity of the bear and thus the age and sex of the individual that deposited the scat is known. In addition, the sex of eight additional bears was determined based on direct observations of the bears depositing the scats. The large spatial distribution of the samples and the time span over which samples were collected make unlikely that multiple samples were collected from the same individual(s). Most of the samples were collected in large fjord systems in southern Spitsbergen (Bellsund, Hornsund) and in the Storfjorden area (including Edgeøya and Barentsøya). Fourteen of the samples originate from a maternity denning survey on Kongsøya, conducted in April 2009. These scats were collected either inside or in close proximity to specific dens and are thus assumed to belong to either the female bear associated with the den or her cubs. Two of these samples were confirmed to be from cubs based on observations at the site where the scats were collected.
Handling of samples
Scat samples were kept frozen after collection. Samples collected during spring would likely have been exposed to only sub-zero temperatures [average temperature for April 2003-2010 was -8.3°C ± (SD) 4.7°C at Svalbard Airport (http://eklima.met.no)]. Samples collected during summer will have experienced above freezing temperatures prior to being collected.
In the lab, the scats were first cleaned of foreign material that had adhered to the outside of the scat. The scats were then rinsed through a series of three sieves (7, 2, and 1 mm) stacked on top of each other, in order to collect material useful for identification of food items. Most of the material collected for subsequent identification was found in the upper sieve including skin pieces, feathers, larger parts of terrestrial plants and marine algae, claws, teeth, and pieces of bone. In addition, hair also tended to aggregate in the top sieve in mats. The middle sieve was also useful for collecting hair and smaller pieces of plant material. The bottom sieve tended to become clogged with highly digested material and fecal slough and rarely contained anything informative for identification of prey. However, in some cases, when the feces had a very liquid texture, the bottom sieve was useful for collecting the few hairs that this type of feces did contain. Material taken out of the sieves was put in plastic bags and stored in the freezer until further analysis. In cases where there was a large amount of material clearly belonging to the same food item, a subsample was collected for use in later identification, while the remaining material was stored separately in the freezer. The collected food materials were categorized into 13 categories: (1) seals (with sub-groups ringed seal pups, ringed seal adults, ringed seals unknown age, bearded seals, and unknown seals; (2) polar bear hairs; (3) birds; (4) reindeer; (5) unknown bones; (6) eggs; (7) parasites; (8) terrestrial plants and lichen (with sub-groups bryophytes, grass, dicotyledons, sedges, lichen, monocotyledons, and unknown plants); (9) marine algae (with sub-groups brown and red algae, and green algae); (10) gravel; (11) driftwood; (12) plastic; and (13) unknown (material that could not be identified).
Identification of prey using hair
In most cases where hair was present in a sample, the hairs were attached to skin, and thus, it was clear that they were from prey. Even when only hair was found, reindeer hair could be distinguished from other potential prey species due to its distinct appearance (Ling 1970; Boulton 1986 ). Reindeer hairs are hollow and their keratin scales have a pentagon shape which can be observed through a stereomicroscope. Most of the hair originating from juvenile and adult seals could be distinguished by their short length and flattened shield form (Boulton 1986 ). Additionally, nonpup seal hairs were dark in color, especially toward the tip of the hair. An initial attempt to identify seal hair to species by comparing the scale patterns of the cuticle failed because no clear species-specific features were found. The lanugo of ringed seal pups was identified by its thin, long, curly structure, and white coloration. But, small guard hairs and short, woolly hairs of the polar bear coat are very similar to ringed seal lanugo. However, hairs from grooming by the bears are typically spread out evenly among the other contents of the scat, while hair from prey animals are found clumped together (Elgmork 1979) . In several cases, claws, vibrissae, skin, or teeth found together with clumped hair clearly indicated that ringed seal pups had been consumed. Light colored hairs found singly (with no identifiable seal remains) were further inspected to separate bear hair from seal lanugo (see next section).
Polar bear guard hairs could be distinguished from other hair based on their large size alone (Boulton 1986 ). But, shorter polar bear hairs and lanugo from unknown origins were studied in order to find ways to separate them. Stereomicroscopy revealed that polar bear hairs had a white stripe running through their middle. Using an electron microscope, it was shown (in this study) that this white stripe (in both guard and wool hairs) was caused by polar bear hair having a hollow medulla [ Fig. 2a , b, this study, but also see Boulton (1986) ]. Seal lanugo hairs are not hollow and thus lack this white stripe, which enables separation between these two hair types using only a stereomicroscope. Identification of seals to species Seals were initially recognized based on skin, hair, claws, teeth, and vibrissae remains, but could not be readily identified to species, with the exception of ringed seal pups based on their white lanugo. Thus, for all other samples where seal skin or other soft tissues were found, genetic analyses were performed on these items at the Natural History Museum in Oslo. In brief, the analyses were performed as follows: Total genomic DNA was extracted from each sample using the DNA E.Z.N.A. Tissue DNA kit (Omega Bio-tek) following the kit's protocol for isolation of DNA for animal tissue. One minor change was that the incubation of tissue in the proteinase K containing extraction buffer was extended to overnight at 55°C. Standard precautions were taken to avoid cross-contamination of samples.
Cytochrome oxidase subunit 1 (cox 1) sequences of seal species were retrieved from GenBank and manually aligned in BioEdit (Hall 1999) . Conserved regions were targeted for designing primer pairs for downstream PCR amplification. Due to significant DNA degradation in the samples, the selected target regions were relatively short. They were a 205 base-pair (bp) fragment (using the primer pair seal2f 5 0 -ACTACTGGCCTCCT CYATAGTAG-3 0 and seal3r 5 0 -GRTATTGAGAYATTGCAGGRGGTT-3 0 ), a 143 bp fragment (using the primer pair seal4f 5 0 -TTCTG ATTCTTYGGACAY CCGA-3 0 and seal5r 5 0 -AAGCCRA TRGAYATTATTGCT-3 0 ), and a 217 bp fragment (using the primer pair seal6f 5 0 -CCCAACAYTTYCTAGGTCT AT-3 0 and seal7r 5 0 -GGACATCCRTGYAGTCATTCG-3 0 ). Primers were purchased from DNA Technology AS, Risskov, Denmark. PCR amplification of the target regions was done using the AmpliTaq Gold Ò Fast PCR Master Mix (Applied Biosystems) following the vendor's standard instructions. A PCR protocol starting with a denaturing step of 94°C for 3 min, followed by 40 cycles of 94°C for 30 s, 40°C for 15 s, 72°C for 20 s completed by an extended period at 72°C (for 2 min). A very low annealing temperature was used in order to obtain PCR products, as attempts to do PCR amplification at higher temperatures generally failed, which was most likely due to the significant degradation of the template DNA.
Purification of the PCR products (that were of sufficient quality) was done using 109 diluted exoSAP-IT (USB Corporation) and thereafter sequenced following the instructions of the BigDye 1.1 sequencing kit (Applied Bioscience). The nucleotide sequences were then aligned and edited in the software program Sequencher 4.1 (GeneCodes). Among the targeted regions, seal6f/seal7r was most informative for species identification. Further methodological details are available in Leclerc et al. (2012) .
Identification of plants
Terrestrial plant material was studied using a stereo loupe or, when necessary, a microscope. Specimens were identified to the lowest possible taxonomic level using comparative material from the herbarium at Tromsø Museum and an online flora guide (Alsos and Arnesen 2012) . The terrestrial plants were mainly identified based upon the appearance of leaves and flowering parts such as petals, stigmas, and stamens. In the absence of such parts, identification was very challenging and often unsuccessful. In some cases, seed capsules were observed. Many dicotyledons were determined to species level, but will mainly be referred to as dicotyledons herein. Grasses, sedges, mosses, and lichens were generally not determined to the species level (with the exception of some moss and lichen species), but rather they were grouped into these four subgroups.
The marine plants were divided into two subgroups based on their structure and coloration: (1) green algae and (2) brown and red algae, since the latter two taxonomic groupings were hard to separate from each other after having been processed by the polar bear digestive system.
Statistical analyses
A binomial distribution approach was used when analyzing the contribution of the various food items (present = 1; not present = 0) to the polar bear diet in this study. The occurrence of the different food items is presented as percentages, representing frequency of occurrence in the scats with corresponding 95 % confidence intervals (CI). Statistical analyses were run in R, version 2.12.1 (R Development Core Team 2010). To explore to what extent, the response variable (absence/presence) of a prey group or other substance (e.g., gravel, plants) could be explained by other contents in the scats or by season (spring vs. summer) and to provide additional information for interpreting the results, binomial generalized linear models (GLM) were run. Associations between different groups of items were explored only in cases where it was thought that such analyze would provide additional information, such as if individual bear scats tended to have only terrestrial or only marine food items. Or if bears that had eaten seals had also consumed plant material. Analysis of variance (ANOVA) was performed on the binomial GLM in order to test the significance of the model terms. To calculate 95 % confidence intervals (CI) of proportions of scats with specific prey (or other items), the binom.test function in program R was used.
Sex and age were not used as explanatory variables in the statistical analyses because of the low number of known individuals. Similarly, the clustering of the majority Polar Biol (2013) 36:561-571 565 of the samples in certain regions made attempts to look at broad-scale geographic variation futile.
Results
The most abundant prey found in the scats was seal remains, which were found in 71.4 % (CI = 62.4-79.3 %) of the 119 scats (Fig. 3 ). Abundant were also terrestrial plants and lichen occurring in 32.8 % (CI = 24.4-42.0 %) and marine algae occurring in 21.8 % (CI = 14.8-30.4 %) of the scats (Fig. 3) . Almost half of the scats (45.4 %, CI = 36.2-54.8 %) contained only one category of prey (in the majority of cases this was seal tissue), while the remaining scats contained material from between two and five different categories. Fifty-eight of the 59 seal samples analyzed genetically were identified as ringed seal, while the other was from a bearded seal. Comparison of the genetic and morphological analyses confirmed that the only seals that could be identified with certainty by morphological analysis were the ringed seal pups. Thus, for all juvenile and adult seals, only samples identified by genetic analysis have been categorized as being determined to species level in Fig. 4 .
Ringed seals dominated the diet; they were found in 62.2 % (CI = 52.8-70.9 %) of the scats. Ringed seal pups constituted most of this material; pups were identified in 49.6 % (CI = 40.3-58.9 %) of the scats. In 14 cases, remains of ringed seal pups were found together with hairs from other seals, and in one case with skin from what was confirmed to be an adult ringed seal (Fig. 4) .
Remains of birds (mainly feathers, but also bones, skin pieces, and beaks; Fig. 3 ) were found in 16.0 % (CI = 9.9-23.8 %) of the scats, and pieces of eggshell were found in 2.5 % (CI = 0.5-7.2 %) of the scats (Fig. 3) . Two of the three scats that contained eggshells also contained bird remains.
Reindeer hair was found in 9.2 % (CI = 4.7-15.9 %) of the scats (Fig. 3) . Three of the 11 scats containing reindeer were collected during summer. Remains of seals were not found in any of these three samples, but five of the eight scats with reindeer contents from late winter did also contain seals. A high frequency of terrestrial plants (n = 8) and algae (n = 4) was found among the scats that contained reindeer.
In total, 39 of the 119 scats (32.8 %, CI = 24.4-41.0 %) contained at least one category of terrestrial plant or lichen (Fig. 5) . Plants identified to species, and their frequency of occurrence in the scats is shown in Table 1 . The most frequent dicotyledons included polar willow (Salix polaris) and different species of Saxifraga and Caryophyllaceae. Several plant species and subgroups were frequently found together. A small piece of a mushroom was found in a single scat. Bryophytes identified to species level include Aulacomnium turgidum, Brachythecium turgidum, Bryum pseudotriquetrum, Cetrariella deliseri, Cinclidium arcticum, Cyrtomium hymenophyllum, Hylocomium splendens, Sanionia uncinata, Sphaerophorus globosus, Timmia austriaca, Tomenthypnum nitens, Philonotis tomentella, Plagiomnium ellipticum, Polytrichastrum alpinum. A Dicranum sp. was also identified. The lichen species found in the scats included Pseudophebe pubescens, Umbilicaria arctica, Umbilicaria cylindrica, and Umbilicaria hyperborea.
Thirteen of 14 maternity den scat samples (92.9 %, CI = 66.1-99.8 %, n = 14) contained polar bear hairs, consistent with grooming activity in the den. Plant material was found in nine of these scats (64.3 %, CI = 35.1-87.2 %, n = 14). Two of these scats contained ringed seal material. One of the samples, which contained polar bear hairs and plant material, also contained bird remains. Two scats, which were confirmed in the field to be from cubs of the year, contained plant material including grasses, sedges, and mosses. One of them also contained gravel.
Among the 16 scats where the identities of the bears were known, two scats from unrelated cubs (of the year) both contained ringed seal and plant material as well as gravel (these scats were collected on April 19, 2003 and April 17, 2010) . Three of four 1-year-old bears had consumed seals. In one of these, reindeer hairs and plant material were also found and in another algae and bird remains. The fourth 1-year old had eaten only terrestrial plants and marine algae. Two sub-adult females had both eaten ringed seals. In one of the scats, remains from a ringed seal pup and an adult seal, algae and plants were found and in the other scat; ringed seal pup remains were found together with plants and gravel.
Consumption of reindeer and terrestrial plants and lichens had a significant positive relationship (p value = 0.004, dev. = 8.17, 1 d. f.). There was also a strong negative relationship between terrestrial plants and lichens and seals (p value \0.0001, dev. = 21.332, 1 d. f.). Seals were most prevalent in the diet in spring (77.9 % of 108 samples, CI = 68.7-85.4 %) and occurred in only 1 of the 11 summer samples (9.1 %, CI = 0.2-41.3 %, p value \0.001, dev. = 21.261, 1 d. f.). The opposite trend was observed for terrestrial plants and lichens, which increased from 27.9 % (CI = 19.5-37.5 %) in spring to 72.7 % (CI = 39.0-94.0 %) in summer (p value = 0.004, dev. = 8.482, 1 d. f.). Neither marine algae (change from 22.1 %, CI = 14.6-31.3 %, in spring to 18.2 %, CI = 2.3-51.8 %, in summer) nor reindeer (change from 7.7 %, CI = 3.4-14.6 %, in spring to 27.3 %, CI = 6.0-61.0 %, in summer) showed significant seasonal variation. Birds (13.5 %, CI = 7.6-21.6 %, and 1 %, CI = 0.0-5.2 %) and eggs (45.5 %, CI = 16.7-76.6 %, and 18.2 %, CI = 2.3-51.8 %) were found more frequently in summer compared to spring samples (p value 0.016, dev. = 5.759 and 1 d. f. for birds and p value 0.014, dev. = 6.089, 1 d. f. for eggs).
Information on the collection date and place, and content of each scat sample, can be found in Online Resource 1.
Discussion
The principal finding of this study, that the most common prey for polar bears in Svalbard is ringed seals, is in agreement with previous diet studies from this region (Lønø 1970; Derocher et al. 2002) and elsewhere in the Arctic (Thiemann et al. 2008) . The ringed seal is extremely well adapted to a life associated with sea ice, and it is the most abundant northern seal (Smith et al. 1990; Kovacs et al. 2011) . In spring, they are found aggregated in areas of landfast sea ice (Smith and Stirling 1975; Lydersen and Gjertz 1986) . In Svalbard, prime ringed seal habitat is found deep inside the many fjords, often in close proximity to glacier fronts (Lydersen and Kovacs 1999; Krafft et al. 2007 ). In these areas, the ice is stable and ice blocks that have been calved from the glacier provide areas where snow accumulates in sufficient amounts to enable lairs to be dug. These lairs are important as resting and pupping sites for ringed seals (Smith and Stirling 1975; Lydersen and Ryg 1991) . Polar bears, and particularly females with cubs of the year, hunt extensively in these areas upon emergence from their winter dens (Mauritzen et al. 2003; Freitas et al. 2012) . In Canada, polar bears also hunt intensively in ringed seal breeding habitat in spring (Smith et al. 1990 ). Smith (1980) found that most polar bear kills were ringed seal pups in their birth lairs. A new-born ringed seal is easy to catch, but does not represent a lot of energy to a polar bear, even though the energy content increases significantly as the pup grows and deposits blubber (Lydersen and Kovacs 1999) . It has been suggested that polar bears sometimes wait at the kill site of a ringed seal pup in an attempt to also prey upon the mother (Smith 1987) , but a recent study of seal kills did not find support for this hypothesis (Pilfold et al. 2012 ).
Bearded seal remains were found in only one sample in this study, which is a much lower occurrence than has been reported previously in polar bear diet studies from Svalbard (Lønø 1970; Derocher et al. 2002) . However, the earlier studies also included samples from offshore areas north and east of Svalbard collected during summer and autumn. Bearded seals prefer free-floating floe ice for birthing and resting, so they might be a more difficult prey for polar bears to access during spring compared to ringed seals (Kovacs et al. 1996) . Mauritzen et al. (2001) found that polar bears in Svalbard display at least two distinct space use patterns. Some are highly migratory, mainly utilizing the offshore sea ice east or northeast of Svalbard, while others stay close to the islands within the Svalbard Archipelago throughout the year. Mauritzen et al. (2001) hypothesized that the nearshore bears rely more on landfast sea ice and the ringed seals found there in spring, while the offshore bears target bearded and harp seals to a greater extent. This hypothesis seems to be supported by the studies of Lønø (1970) , Derocher et al. (2002) and this study. Derocher et al. (2002) also suggested that bearded seal are at least as important to polar bears in Svalbard as ringed seal due to their much larger body mass (and thus energy content). The digestibility of ringed seal by polar bears is high, with a mean apparent digestive efficiency (AD) of 82.2 % for dietary dry matter (Best 1985) . Blubber has a higher AD value than protein. AD values for protein are especially low when ingested materials include large quantities of skeletal elements and hair (Best 1985) . Since polar bears generally eat only the blubber and leave the rest of the seal (Stirling and McEwan 1975) , this could potentially lead to an under-representation of seal in a scat-based diet assessments using morphological analysis alone, since blubber is digested to the degree that it is unrecognizable. This problem can be solved by using DNA-based methods on highly digested matter found in scats (Dunshea 2009; Valentini et al. 2009 ). The best results are likely to be obtained by using a combination of morphological investigation and DNA-based methods (Braley et al. 2010; Casper et al. 2007 ), as we have done in this study, because the combination increases the number of samples yielding dietary information and the amount of information gained from each sample (Casper et al. 2007 ). In the present study, DNA analyses were only done on prey skin and soft tissue pieces to separate the different seal species; however, the risk of underestimating the presence of seal as a prey group is regarded as low because hair analyses were also performed to separate seal hairs from polar bear and reindeer hair. It is considered unlikely that a polar bear would be able to kill, open, and eat a seal without any hairs being consumed. DNA analyses of fecal slough and highly digested matter might increase our knowledge as to whether there are seal species consumed that are fully digested. In addition, one would be able to look for the presence of DNA from whales, which would help investigate the role whale carcasses play in polar bear diets.
It has long been known that polar bears occasionally eat birds and eggs (Lønø 1970; Russell 1975 ), but they have never been regarded as a major food source. In the present study, bird remains were found in 16.0 % of the samples (and eggshells in three scats). The low number of scats containing eggs is not surprising as most scats were collected prior to the nesting period of birds in Svalbard. Lønø (1970) did not considered reindeer to be prey for polar bears in Svalbard. However, Derocher et al. (2000) reported seven successful predation events and six observations of polar bears scavenging on reindeer carcasses. Additionally, Hedberg et al.'s (2011) study on the composition of polar bear milk found fatty acids indicating consumption of reindeer in two of 16 samples. In the present study, 9.2 % of all scats contained reindeer. Whether the reindeer were actively preyed upon or scavenged is unknown in the context of this study. This study revealed that a high proportion of scats contained terrestrial plants and lichens (32.8 %) and marine algae (21.9 %). The most common plant and lichen species in the scats are species that are widespread in Svalbard and found in many different habitats such as leesides, heaths and moderate ridges and snowbeds (Table 1 ). The frequency of occurrence of these materials was correlated with season, which is not surprising given that terrestrial plants and lichens are more accessible in summer than in spring. No such correlation was found for marine algae. The unexpectedly high proportions of these items suggest that deliberate ingestion is a norm. The fact that polar bears eat terrestrial plants and lichens when on land for any extended period of time has been well documented previously (Russell 1975; Hansson and Thomassen 1983; Derocher et al. 1993) . Consumption of marine algae by polar bears has also been described (Lønø 1970; Russell 1975; Stirling and Cleator 1981; Stirling and Guravich 1988) , most recently by Born et al. (2011) . These findings are often attributed to hungry bears filling their stomachs simply to avoid them being empty. But, this study shows, based on the time of year when most samples were collected and the frequency with which both marine and terrestrial plant material and lichens were found, that polar bears eat plant material in spring, when their preferred habitat and prey are readily available to them. We do not have any good explanation why ingestion of plants in spring seems to be that common. It has been suggested that there might be some nutritional rewards to bears in the form of vitamins and minerals contained in plants (Russell 1975) , but evidence for this suggestion is scant (Hobson and Stirling 1997; Dyck and Kebreab 2009; Hobson et al. 2009 ). Females that have just emerged from their maternity dens typically stay around the den area for some days before walking out to the sea ice. This is likely because the cubs need time to adjust to the temperature outside and to improve their physical condition. Thus, mothers might have no other options beyond grazing vegetation during these days when they cannot move onto the sea ice. Any nutritional reward would explain ingestion of plants for these individuals.
Occurrence of reindeer in the diet was positively correlated with terrestrial plants and lichens, suggesting that they are both targeted by the same bears. The condition of the plant material found in the scats precluded the possibility that the bears had ingested it via feeding on the gastrointestinal contents of reindeer.
The scats from cubs of the year collected in the denning areas confirm that they participate in grazing after emerging from the den. This has previously been observed directly on a few occasions (Øystein Overrein, pers. comm). Scats from two cubs of the year (aged 3-4 months) confirmed that cubs of this age already supplement their milk intake with ingestion of seal tissue. Sample sizes were too small for scats from polar bears of known sex and age to perform informative analyses.
A large proportion of the samples analyzed in this study were collected in Tjuvfjorden (Edgeøya), Hornsund, and Van Keulenfjorden (western Spitsbergen) (Fig. 1) , all prime breeding areas for ringed seals in Svalbard (Smith and Lydersen 1991) . Thus, there is a seasonal and fast-ice bias in this study, which makes the finding of a high occurrence of ringed seal in the diet somewhat predictable.
Analyses based on ''frequency of occurrence'' have to be interpreted with care. Although this study shows which groups (and species) of animals and plants occur frequently in polar bear scats, the findings cannot be used to make quantitative assessments regarding the energetic contributions from the different food sources. Some items may be less likely to be detected than others. Blubber will be broken down quickly while plant material may go through the digestive system almost unaltered. The inclusion of genetic analyses to look at all seal remains ensured detection of ringed seals in many scats that would otherwise not have been possible and at the same time excluded the possibility that these remains might have been from other mammals.
The present study has documented that ringed seal, and especially ringed seal pups, are a very important food source for polar bears during spring in Svalbard. Other seal species and birds appear to play only minor roles at this time of the year. Reindeer seems to be more important in the polar bear diet in Svalbard than has previously been reported. Whether the reindeer are actively preyed upon, or predominantly scavenged, remains unknown. Terrestrial plants and marine algae occurred frequently in the polar bear scats, suggesting that they might have some role in the diet of the bears, despite their lack of substantial energetic value. Finally, this study has shown that scat analysis is a useful method for assessing the diet of this large carnivore, especially when genetic techniques are employed.
